To compare the volume of the maxillary sinus, dental factors, and craniofacial anatomical features between control subjects and patients with chronic rhinosinusitis (CRS) and to investigate critical factors for the volumetric change in the maxillary sinus in adults.
Results:
Bony wall thickness of the maxillary sinus significantly increased in patients with CRS (P Ͻ.001) but showed no relationship with maxillary sinus volume. Maxillary sinus volume significantly decreased in patients with CRS (P=.001). Age and alveolar bone height had a negative effect on maxillary sinus volume in both groups. Abnormal teeth had no relationship with maxillary sinus volume in both groups but showed a negative effect on alveolar bone height in the CRS group (P=.02). Class II malocclusion associated with anterior movement of the maxilla significantly increased in the CRS group (P=.006).
Conclusions: Regardless of CRS, maxillary sinus volume decreased with older age and increased with alveolar bone loss. Regarding craniofacial anatomical features, CRS may have an effect on malocclusion in adults.
Arch Otolaryngol Head Neck Surg. 2010; 136(6) : [610] [611] [612] [613] [614] [615] I N THE LITERATURE CONCERNING the volumetric change in the paranasal sinuses, most studies [1] [2] [3] [4] have dealt with sinus and facial growth after endoscopic sinus surgery in pediatric patients. They reported the safety of functional endoscopic sinus surgery performed in children with chronic rhinosinusitis (CRS) and demonstrated no effect on facial growth. However, few studies 5 have compared maxillary sinus volume between adult patients with CRS and control subjects.
The maxillary sinus has 2 rapid growth phases (ages 0-3 and 7-12 years), and thereafter, modest enlargement occurs until adult size is attained in the person's late teens. 6 Growth of the maxillary sinus has a direct relationship with the palate and alveolar bone. After the final growth spurt of the maxillary sinus, many chronological and pathologic events could affect its volume. And, because of its large volume, if there has been a significant volumetric change in the maxillary sinus, it may also affect craniofacial anatomical features.
The objectives of this study were to compare the volume of the maxillary sinus, dental factors, and craniofacial anatomical features between controls and patients with CRS and to investigate critical factors for the volumetric change in the maxillary sinus in adults.
METHODS
A retrospective analysis was performed of data from consecutive patients treated in an allergy and sinus center between June 1, 2007, and June 30, 2008 . Patients were excluded if they were children or if they had unilateral rhinosinusitis, congenital craniofacial anomaly, comorbidities with asthma, aspirin sensitivity, or cystic fibrosis or a history of nasal surgery or facial trauma.
Ninety-nine adults were included: 52 controls (septal deviation; 13 women and 39 men; age range, 18-60 years; mean age, 32.69 years) and 47 patients with CRS (15 women and 32 men; age range, 18-66 years; mean age, 44.43 years). The 2 groups showed a similar sex distribution (P=.51), but the CRS group was older than the control group (PϽ.001). The diagnosis of CRS (48.9% with nasal polyposis) was made according to the criteria established by the Rhinosinusitis Task Force of the American Academy of Otolaryngology-Head and Neck Surgery. 7 Allergic rhinitis was diagnosed based on nasal symptoms, such as watery rhinorrhea, sneezing, itching, and nasal obstruction, and positive skin prick test results (Allergopharma, Hamburg, Germany), according to the criteria of Allergic Rhinitis and Its Impact on Asthma. 8 Comorbidity of allergic rhinitis was not different between controls (50.0%) and patients with CRS (39.1%) (P=.07).
Computed tomography (CT) of the paranasal sinuses and lateral cephalography were performed on all the participants. Axial images were obtained using a spiral CT (Siemens Medical Systems, Erlangen, Germany) (scan setting, 140 kV (peak), 129 mAs; scan time, 1000 milliseconds; and matrix size, 512ϫ512 pixels) without contrast enhancement. Lateral cephalography (Orthophos-3; Siemens Medical Systems) used the standard technique. 9 The institutional review board of Hanyang University Hospital reviewed and approved all procedures used in this study.
BONY WALL THICKNESS AND VOLUME MEASUREMENT OF THE MAXILLARY SINUS
Overall severity of CRS was evaluated using the Lund-Mackay CT score (mean [SD], 12.28 [3.21] ). 10 Then we measured the thickness of the anterior and posterolateral walls of the maxillary sinus. These measurements were performed using an axial image 4 mm below the infraorbital foramen. We selected the midpoint on each wall and measured bony wall thickness using the Picture Archiving and Communication System (PiView STAR; INFINITT, Seoul, South Korea).
Image-processing techniques were used for semiautomatic segmentation of the maxillary sinus. First, the original CT image ( Figure 1A ) was converted into a binary image ( Figure 1B ) using a threshold technique to remove soft-tissue densities (inflammation) and to segment the bony boundary of the maxillary sinus. The morphologic closing operation was performed on the binary image to ensure the continuous boundary of the maxillary sinus. Finally, the maxillary sinus was segmented using a region-growing algorithm ( Figure 1C ). The total volume of the maxillary sinus was measured by multiplying the number of voxels in the segmented region by 1 voxel volume and could be reconstructed into a 3-dimensional image ( Figure 1D ). We calculated the mean volume of both sides of the maxillary sinus in all the participants.
EVALUATION OF DENTAL FACTORS
In blinded tests, dentists evaluated 3 dental factors: occlusal status, teeth status, and alveolar bone height. Occlusion was clinically evaluated according to the classification of malocclusion by Angle. 11 Teeth status was classified into normal and abnormal groups. Abnormal teeth were defined when there was at least 1 positive finding as follows: periodontitis or premolar or molar teeth extraction. Alveolar bone height was defined as the shortest distance between the cortex of the alveolar bone and the inferior wall of the maxillary sinus, perpendicular to the occlusal plane, and the mean value of both sides was calculated. 
CEPHALOMETRIC MEASUREMENT OF CRANIOFACIAL ANATOMICAL FEATURES

STATISTICAL ANALYSIS
All the values are reported in tables as mean (SD). Parametric values were compared between the 2 groups using a t test. Correlation between alveolar bone height and maxillary sinus volume was tested using the Pearson product moment correlation coefficient. Multiple linear regression analysis was used to identify the significant factors for the volumetric changes in the maxillary sinus. Statistical significance was considered to be PϽ.05. Results were analyzed using statistical software (SPSS version 17.0 for Windows; SPSS Inc, Chicago, Illinois).
RESULTS
HYPEROSTOSIS AND MAXILLARY SINUS VOLUME
The anterior and posterolateral walls had significantly increased bone thickness in the CRS group compared with controls (P Ͻ .001) ( Table 1 ). Allergy and Lund-Mackay CT scores had no relationship with hyperostosis of the maxillary sinus (P Ͼ .05). The CRS group had a significantly smaller maxillary sinus volume than did controls (P=.001) ( Table 1) . There was no difference in maxillary sinus volume based on sex and maxillary sinus sides in either group (PϾ .05). Age showed a negative effect on maxillary sinus volume in controls (r = -0.328, P = .02) and in the CRS group (r=-0.292, P =.046) (Figure 3 ). The CRS group had a smaller volume than controls in each age group, but it was not statistically significant.
Maxillary sinus volume showed no relationship with anterior (r = -0.239, P = .09) and posterolateral (r=-0.183, P=.20) wall thickness in controls. Also, there was no relationship between maxillary sinus volume and anterior (r = -0.155, P = .30) and posterolateral (r=-0.226, P=.13) wall thickness in the CRS group.
DENTAL FACTORS AND MAXILLARY SINUS VOLUME
The incidence of class II malocclusion increased significantly in the CRS group compared with the control group (P=.006) ( Table 1 ). Abnormal teeth status increased in the CRS group compared with controls but not significantly (P=.17). Alveolar bone thickness also was not different between controls and the CRS group (P=.76). Abnormal teeth status significantly increased with older age in the control (P = .003) and CRS (P = .001) groups, but alveolar bone height showed no difference among the 4 age groups in controls and in the CRS group ( Table 2) . Maxillary sinus volume was not different between normal and abnormal teeth groups in controls (P=.14) and in the CRS group (P=.49). However, abnormal teeth status had a negative effect on alveolar bone height in the CRS group (P=.02) but not in controls (P=.07) ( Table 3) . Alveolar bone height showed a negative correlation with maxillary sinus volume in controls (r=-0.519, PϽ.001) and in the CRS group (r =-0.493, PϽ .001) (Figure 4 ).
ALTERED CRANIOFACIAL ANATOMICAL FEATURES IN THE CRS GROUP
We measured 4 horizontal and 2 vertical variables using lateral cephalography (Table 1) . Both N to A-point (P=.003) and SNA (P=.004) increased in the CRS group compared with controls. These 2 factors also increased in the group with class II malocclusion (PϽ.001). However, there was no cephalometric variable associated with the volumetric change in the maxillary sinus in controls and the CRS group. 
MODEL OF MAXILLARY SINUS VOLUME IN ADULTS
Several factors were associated with the volumetric change in the maxillary sinus: age, group (control vs CRS), and alveolar bone height. Age (␤=-0.26, P=.02) and alveolar bone height (␤=-0.51, PϽ.001) showed a negative association with maxillary sinus volume in the multiple linear regression analysis. However, maxillary sinus volume had no relationship with group (␤=-0.15, P=.10). Therefore, we could summarize the relationship between clinical factors and the volumetric change in the maxillary sinus in adults as follows: maxillary sinus volume=[37.108-0.26 (age)-0.51 (alveolar bone height)].
COMMENT
Before this study, we had 3 questions about maxillary sinus volume in adults: (1) Is there a volumetric difference in the maxillary sinus between controls and the CRS group? (2) What may be the causative factors for the volumetric change in the maxillary sinus? (3) Can the volumetric change in the maxillary sinus alter the craniofacial anatomical features? Most previous studies [1] [2] [3] [4] were performed in pediatric patients with CRS, and they focused on the effect of endoscopic sinus surgery on facial growth and development. Although a few studies compared the volume of the maxillary sinus between controls and pediatric patients with CRS, they had some limitations: lack of detailed statistics, 12 small study population with diverse age groups, 13 and no concern for the agerelated change in the maxillary sinus. 14 A previous study 15 showed that the size of the maxillary sinus measured by horizontal width (P=.002) and vertical height (PϽ.001) decreased in the CRS group compared with controls. In the present study, we measured the 3-dimensional volume of the maxillary sinus and revealed that the maxillary sinus of the CRS group had a significantly smaller volume than did that of controls in adults (P=.001). Of the clinical factors, age had a strong negative effect on maxillary sinus volume in controls and the CRS group (Figure 3 ). Maxillary sinus volume was smaller in the CRS group than in controls in each age group, but the differences were not statistically significant. Because the CRS group was much older than controls, age differences between groups may affect the difference in maxillary sinus volume. Patients with CRS are usually presented at older ages than are patients with septal deviation (controls), and, therefore, it is difficult to match the ages precisely between groups in clinical practice. It may be a weak point of this study, but we tried to overcome this problem by showing the results in each age group.
Sinus-related factors (allergy, Lund-Mackay CT scores, and bony wall thickness of the maxillary sinus) had no relationship with the volumetric change in the maxillary sinus. Bony wall thickness of the maxillary sinus increased definitely in the CRS group compared with controls ( Table 1 ). Hyperostosis of the maxillary sinus tended to decrease maxillary sinus volume in both groups, but it was not statistically significant.
The average volume of a developed maxillary sinus at maturity varies between 15 and 20 mL, and these dimensions remain relatively stable once the permanent maxillary teeth have erupted and growth of the maxilla is complete. 16 In edentulous patients, the maxillary sinus may expand farther and continue to extend into the alveolar bone. 17, 18 However, the present study showed that maxillary sinus volume was not different between groups of normal and abnormal teeth in controls and in patients with CRS (Table 3) . Teeth status and alveolar bone height were not different between the control and CRS groups ( Table 1) . Abnormal teeth status increased with age in both groups ( Table 2) and had a negative effect on alveolar bone height in the CRS group (Table 3 ). However, it showed no direct relationship with maxillary sinus volume ( Table 3) . Alveolar bone height showed no relationship with age ( Table 2 ) but had a strong negative effect on maxillary sinus volume in both groups (Figure 4 ). Therefore, we believe that alveolar bone height may be an independent factor having a negative effect on maxillary sinus volume. It is possible that alveolar bone loss can be accelerated in combined cases of abnormal teeth status and CRS (Table 3) .
Most otolaryngologists have an interest in dental sources for maxillary sinusitis. 19 However, there has been little or no attention to the relationship between the volumetric change in the maxillary sinus and dental problems in adults. This study demonstrated that alveolar bone height may be the most important factor for the volumetric change in the maxillary sinus. Therefore, we believe that the osteolytic effect of periodontitis or edentulous state on the alveolar bone could increase maxillary sinus volume. However, CRS-related hyperostosis had no significant effect on maxillary sinus volume.
Although the relationship between nasal obstruction or mouth breathing and altered craniofacial growth (long face syndrome and retrognathia) is well known, the relationship between CRS and malocclusion remains unclear. 20, 21 In the CRS group, the present study demonstrated an increased incidence of class II malocclusion and increased horizontal factors (N to A-point and SNA) in cephalometry. Therefore, we believe that the anterior movement of the A-point may be associated with the increased class II malocclusion in the CRS group. The causal relationship between malocclusion and CRS needs further study. Except for the positional change in A-point, volumetric decrease in the maxillary sinus had no effect on craniofacial anatomical features in patients with CRS.
In conclusion, patients with CRS had distinct anatomical changes, such as hyperostosis, decreased volume in the maxillary sinus, increased class II malocclusion, and anterior movement of the A-point. Age and alveolar bone height may be the critical factors for the volumetric change in the maxillary sinus in adults. To identify the clinical significance of the volume decrease in the maxillary sinus in the CRS group, further studies are warranted. 
